Mosquito-borne pathogens continue to be a significant burden within human populations, with Aedes 21 aegypti continuing to spread dengue, chikungunya, and Zika virus throughout the world. Using data from 22 a previously conducted study, a linear regression model was constructed to predict the aquatic 23 development rates based on the average temperature, temperature fluctuation range, and larval density. 24 Additional experiments were conducted with different parameters of average temperature and larval 25 density to validate the model. Using a paired t-test, the model predictions were compared to experimental 26 data and showed that the prediction models were not significantly different for average pupation rate, 27 adult emergence rate, and juvenile mortality rate. The models developed will be useful for modeling and 28 estimating the number of Aedes aegypti in the environment under different temperature, diurnal 29 temperature variations, and larval densities. 30 Author Summary 31 Using experimental data from experiments conducted on Aedes aegypti, we formulated regression 32 models to predict pupation, adult emergence, and juvenile mortality rates based on average temperature, 33 temperature fluctuation range, and larval density. The prediction models produced were shown to 34 account for high levels of variation within the data. Validation was performed by comparing omitted data 35 sets to the predictions generated by our models. Our results show that the models produce results that 36 are not significantly different from the experimental results and are capable of predicting aquatic 37 development rates of Ae. aegypti. 38
The global burden of mosquito-borne pathogens such as dengue, chikungunya, and Zika virus, has been 40 increasing with changing climate and the expansion of mosquito populations into new areas [1] [2] [3] . Aedes 41 aegypti are well known to be competent vectors of these pathogens and flourish under warm and 42 temperature climates [4] [5] [6] [7] [8] . Feeding primarily on humans and breeding in man-made containers in close 43 proximity, Aedes aegypti are among the species of mosquitoes that are contributing to the dispersion of 44 mosquito-borne pathogens in human populations [9, 10] .
45
Rainfall and nutrients are necessary factors for the viability of juvenile mosquitoes to hatch and develop, 46 however, several other environmental factors such as exposure to light, average temperature, and diurnal 47 temperature fluctuation ranges have been shown to impact the rates at which juvenile mosquitoes 48 develop [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Prior studies have shown that larval density within aquatic breeding sites also play a role 49 in the rate at which larvae pupate and pupae emerge as adults [25] [26] [27] [28] [29] [30] .
50
In this study, we utilize results from experiments detailed by Zapletal et al. [30] and fit a regression model 51 to predict the rates of Ae. aegypti pupation, emergence and mortality under varying conditions of average 52 temperature, diurnal temperature range, and larval density. Validation using additional experimental data 53 was conducted to assess the validity of the model. Estimating the development rates of Ae. aegypti will 54 provide greater insight into the population dynamics of this mosquito species across are variety of 55 environmental conditions.
56

Results
57
The average rate of pupation was positively correlated with average temperature (X 1 ), temperature range 58 (X 2 ), and larval density (X 3 ). Insignificant variables were eliminated from the model (α < 0.01) and only 59 significant variables were retained in the model. The predictive model structure was identical for average 60 pupation, average emergence, and average mortality rates. The model structure is provided in Equation 4 61 1, with the coefficient for each predictor provided for each model in Table 1 and full analysis of each   62  predictor provided in Tables S1-S3 . 
123
-5.453x10 -7 -1.423x10 -7 6.029x10 -5 66 67
The prediction model for average pupation rate was consistent with experimental observations. The 68 model showed a positive correlation between average temperature and average pupation rate, 5 69 demonstrating that increases in average temperature increased the rate of pupation. Likewise, a positive 70 correlation of temperature range showed that as temperature fluctuation increased an increased average 71 pupation rate was observed. Larval density showed a positive correlation for degree one and two terms, 72 but a negative correlation for degree three and four terms. As observed within the experiments, slower 73 rates of pupation were associated with high larval densities. Two-factor interactions between average 74 temperature and temperature fluctuation range, average temperature and larval density, and the three-75 factor interaction of all predictors were negatively correlated with average pupation rate. A positive 76 correlation with average pupation rate was found for the interaction of temperature fluctuation range 77 and larval density. Using all predictors and their interactions, the prediction model for average pupation 78 rate produced an adjusted R 2 of 0.8236. Paired t-test results (provided in 194 Five of the 20 predictor combinations of average temperature, temperature fluctuation, and larval density 195 were excluded from the model training data and used for validation of the model predictions. These five 196 combinations were excluded randomly, to ensure that each predictor value was omitted at least once.
197
The excluded combinations are provided in Table 2 . Predictions for each excluded combination were 198 calculated and tested against the experimental values obtained by using a paired t-test. Statistical analysis 199 was conducted using Minitab 17.
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